Activation of Atg1 kinase in autophagy by regulated phosphorylation.
Autophagy is a highly regulated trafficking pathway that leads to selective degradation of cellular constituents such as protein aggregates and excessive and damaged organelles. Atg1 is an essential part of the core autophagic machinery, which triggers induction of autophagy and the Cvt pathway. Although changes in Atg1 phosphorylation and complex formation are thought to regulate its function, the mechanism of Atg1 kinase activation remains unclear. Using a quantitative mass spectrometry approach, we identified 29 phosphorylation sites, of which five are either upregulated or downregulated by rapamycin treatment. Two phosphorylation sites, threonine 226 and serine 230, are evolutionarily conserved and located in the activation loop of the amino terminal kinase domain of Atg1. These phosphorylation events are not required for Atg1 localization to the phagosome assembly site (PAS), or the proper assembly of the multisubunit Atg1 kinase complex and binding to its activator Atg13. However, mutation of either one of these sites results in a loss of Atg1 kinase activity and its function in autophagy and the Cvt pathway. Taken together, our data suggest that phosphorylation of Atg1 on multiple sites provides critical mechanisms to regulate Atg1 function in autophagy and the Cvt pathway.